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(54) Abstract Trtle 

Hydrodynamic bearing with porous bushes 

(57) Two porous, oil-impregnated bearing bushes 1 each 
having a bearing surface 17 are force-fitted into a housing 
7 which is open at one end and closed at the other. A 
rotary shaft 2 is inserted in the bushes. The inner 
peripheral surfaces of the bushes and an oil led 
preventing member 11 are formed with a plurality of 
inclined grooves (hydrodynamic-pressure-generating 
grooves 5 and air current producing grooves 12). A solid 
lubricating composition 3 composed of synthetic resfn as 
a base material ad oil as a lubricating component by 
blending lubricating oil or lubricating grease is disposed 
between the bushes. The area of the openings of the pores 
in each bearing surface is preferably set at 2-20% to 
facilitate circulation of oil between the bush and the 
bearing clearance. 
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SPECIFICATION 

HYDRODYNAMIC TYPE POEODS OIL-IMPEECNATED BEABIKC AND BBA8ING DEVICE 

BACKOEOUND OF THE INVENTION 
The present invention relates to a hydrodynanic type porous 
oil-iBprcCTated bearing and a bearing device, wherein a poroua body is 
inpresnated with lubricating oil or lubricating grease to have a 
self-lubricating function while floatably supporting a slide surface of 
a shaft by hydrodynanic oil flla generated in a bearing clearance, the 
bearing and whose device are particularly suitable for use in a polygon 
mirror for laser beas printers, a spindle ootor for aagnetic disk drives, 
and the like which is required to rotate at high speed with a high degree 
of accuracy. 

Porous oll-iBpregnated bearings are widely used as bearings 
having self-lubricability. However, since they are a kind of truly 
circular bearings, they tend to produce unstable vibrations when the shaft 
eccentricity is saall. inducing the so-called whirl in which the shaft 
is subjected to a revolving vibration at a rate which is half the rotary 
speed. As for aeasures against this, there aay be cited as an exaaple 
the fomation of hydrodynaalc-pressure-generating grooves, such as the 
herringbone or spiral type, in the bearing surface. Conventionally, 
hydrodynanic-pressure-generating grooves are in a porous oil-inpregnated 
bearing to utilize the hydrodynanic pressure generated thereby to support 
the shaft while suppressing unstable vibrations, and ezaaples of such 
arrangement are disclosed in Japanese Patent Publication No. Sho 64-11844 
and Japanese Utility Model Publication No. Sho 63-19627. 

Japanese Patent Publication No. Sho 64-11844 discloses a bearing 
device constructed by fitting a porous oil -impregnated aeober having 



herringbone grooves on a rotary ahaft and coabining it Kith a sleeve 
having cylindrical radial inner peripheral surface. On the other hand. 
Japanese Utility Model Publication U. Sho B3-19627 discloses the 
formation of glazed, hydrodynaaic-pressure-generating grooves in the 
bearing surface of a porous oil-inpregDated bearing. 

According to Japanese Patent Publication No. Sho 64-11844. a 
porous oil-inpregnated neaber having herringbone grooves is fitted on a 
rotary shaft with the intention of utilizing the centrifugal force 
attending the rotation of the shaft to cause exudation of oil into a 
bearing clearance. This construction, however, has the following 
drawbacks. 

(1) The nufflber of parts of the bearing device Increases from the 
usual two (rotary shaft and bearing) to three (rotary shaft, porous 
oil-iapregnated aeaber. and sleeve (bearing)). coapHcating the 
assembling operation and increasing the cost. 

(2) In the case of a hydrodynaaic bearing device, which requires 
a high degree of dimensional accuracy, there are as many as three parts, 
whose respective accuracies affect the post-assembly accuracy, so that 
it is more difficult to attain the intended accuracy than in the case of 
the two-part bearing device. 

(3) During rotation, the centrifugal force continues acting on 
the porous oil-iapregnated member. Therefore, the oil also continues 
exuding, so that the bearing clearance will be saturated sooner or later 
with oil, with continuing rotation forcing the oil to leak out of the 
bearing clearance. This means inevitable flow-away of oil. 

According to Japanese Utility Model Publication No. Sho 63-19627, 
the bearing surface of a porous oil-impregnated bearing is formed with 
glazed, hydrodynamic-pressure-generating grooves. Such construction, 
however, has the following drawbacks. 



(1) Since the grooves have their openings sealed, the 
circulation of oil, irbich is the greatest feature of the porous 
oil -impregnated bearing. Is obstructed. Therefore, the oil which has 
been exuded in the bearing clearance is pressed into the bent regions of 
the grooves by the action of the herringbone grooves and stays there. A 
great shearing action is present in the bearing clearance, so that the 
oil staying in the oil grooves is subjected to this shearing force and 
friction heat, tending to be denatured, while a rise in teaperature tends 
to cause preaature oxidative deterioration of the oil. Therefore, the 
bearing life span is shortened. In contrast, in a usual porous 
oil-impregnated bearing, since the retained oil is circulated through the 
bearing clearance and bearing Interior ifith the rotation of the shaft. 
It is not continuously subjected to the shearing force and since it Is 
cooled even If once heated, there is little danger of the oil undergoing 
oxidative deterioration due to a rise in teaperature. 

(2) It is very difficult to apply a sealing treatment to the 
grooves. The published specification concerned states that sealing can 
be effected by plastic working. However, the depth of the hydrodynaaic 
grooves is usually of the order of ua; such compression molding is not 
effective in sealing the openings in the surface. Further, said published 
specification makes mention of coating as another means of plastic 
working; however, the thickness of the coating flla has to be less than 
the groove depth, which means that it is very difficult to apply a coating 
film which is some uvl thick solely to the inclined region. 

SUMMAfiY OF THZ INVENTION 
Objects of the invention are: 

(1) To reduce the number of parts of the bearing to 2, while 
reducing the cost, making it easier to increase the degree of accuracy 



of the parts, and adapting them for mas3 production; 

(2) To provide a construction such that the retained oil is 
circulated through the bearing clearance and the bearing interior, thereby 
retarding oil degradation. 

(3) To find a bearing specification which allows hydrodynaaic 
effects to be exerted irrespective of the presence of the openings in 
hydrodynaoic-pressure-generating grooves In order to make the bearing 
design industrially feasible. 

When a bearing surface of a bearing body 1 is provided vith 
hydrodynaBic-pressure-generating grooves {inclined grooves of the 
herringboae or spiral type), the flow of oil, as seen in an axial section, 
is as shovn. for example, in Fig. 2. The oil flows in. as indicated by 
arrows, froa openings in the bearing surface 17 (inner surface) of the 
bearing bodyl Into a bearing clearance 4 betireen the bearing surface 17 
and a rotary shaft 2, to aalntain an appropriate oil circulation, It is 
desirable that the openings be substantially uniformly distributed over 
the hydrodynaaic-pressure-generating grooves 5 and ridges 6 between the 
grooves (see Fig. 7). Vlhen the proportion of the openings in the surface 
is decreased, the oil moves with difficulty; reversely, vhen it is 
increased, the oil moves with less difficulty. Further, the viscosity 
of the retained oil also has to do with the oil aoveaent, such that the 
lower the viscosity, the greater the ease with which the oil moves and 
such that the higher the viscosity, the less the ease with which the oil 
Boves. In addition, in this specification, the term 'openings' means 
those portions of pores foraing the porous structure of the bearing body 
of porous material which open to the surface. 

A combination of high opening percentage and low viscosity , 
though allowing extremely smooth aovement of oil, has the trouble that 
since the oil exuded into the bearing clearance 4 by the action of the 
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hydrodynaaic-pressure-generatins grooves 5 is easily pushed back into the 
interior of the bearing body, the hydrodynaaic effects will be lessened 
to the extent not only that rotation with high accuracy can not be 
■aintained but that the contact betveen the shaft 2 and the bearing body 
1 causes wear of the bearing body 1 to iapair the bearing functions. 
Reversely, a conbination of low opening percentage and high viscosity 
Bakes it extreaely difficult for oil to move, so that, through the 
generated hydrodynaaic pressure is high, appropriate oil circulation is 
iapaired and the torque is increased and hence degradation of oil is 
expedited by an increase In teaperature of the bearing. 

Therefore, opening percentage and oil viscosity hare an optiaua 
range which enables the generation of the hydrodynaaic oil fila necessary 
for floatably supporting the shaft, and appropriate circulation of oil. 

To clarify this optiaua range, evaluation tests have been 
conducted using an LBP actual aotor shown In Figs. 3 and 4. In these 
figures, 7 denotes a housing, and 8 denotes a Jiub (rotor) fixed on the 
shaft 2. Further. 9 denotes a thrust support which is in contact with 
the front end of the shaft to support thrust load. The aotor used in the 
evaluation tests had a shaft diaaeter of 4 aa and was equipped with a 
airror, the rpa being 1,000, the ataosphere teaperature being 40*C. 

Fig. S shows the evaluation test results. In Fig. 5, the aark * 
O" shows that there was no trouble in 1,000-hour continuous operation 
in the endurance tests. The aark 'A* shows that in a 1,000-hour 
operation, an interval between 500 hours and 1,000 hours was attended by 
troubles, such as an increase in shaft vibration (5 un and aore), 
increase in torque = decrease in rpa (the rpa failed to increase to 1,000) 
and eaission of abnoraal sound, thereby Baking noraal operation 
iapossible. The mark 'T shows that the aforesaid troubles occurred 
during 500 hours after the start of operation. 



From the above evaluation teat resulta. it ia seea that the 
optimiUB range for opening factor ajid oil viscosity (vhere there is no nark 
•r) is the region surrounded by solid lines in Fig. 5, i.e., the region 
vhich satisfies the following conditions: 

(1) A percentage of area of the openings in the bearing surface 
Including the hydrodynanic-prcssure-generatine grooves is not less than 
2X but not more than 20X; 

(2) A kineaatic viscosity at 40-C of the retained oil to be 
filled is Z cSt and Kore; 

(3) The percentage of area of the openings and the kineaatic 
viscosity of the oil at 40'C satisfy the relation: 

(3/5) A - 1 g T7 ^ (40 / 6) A M20 / 3) 

where A; the percentage of area of the openings (In X) 

v ; the kinenatlc viscosity of the oil at 40*0 (in cSt). 
Selection of values of the openings factor and the kinematic 
viscosity of the oil vhich are within such range ensures generation of a 
sufficient hydrodynaaic oil fiU to floatably support the shaft and 
appropriate circulation of oil. thus .aHing it possible to attain rotation 
with high accuracy and longer life span. 

m addition, the percentage of area of the openings is preferably 
not less than 2X but not nore than 15X. 

It is considered that in the ratio of the depth (h: see Fig. 7) 
of the hydrodynaBlc-pressure-generating grooves 5 to the bearing 
clearance (radial clearance: c). there is an optinua range outside vhich 
sufficient hydrodynaaic effects cannot be obtained. To clarify this 
optimum range, evaluation tests have been conducted by replacing the shaft 
2 of the LBP actual motor shown in Fig. 3 by a longer shaft, as shown in 
Fig. 6, to enable measurement of shaft vibration. The rpm was 10,000, 
and the LBP actual motor had a shaft diameter of 4 am. not equipped with 



a airror. In addition, the nuaeral 10 denotes a non-contact type 
displacenent meter. 

Under the above conditions, values of shaft vibration vere 
plotted against c/h {c; radial clearance, h; groove depth), and the 
results shown in Fig. 8 urere obtained. Fron Fig. 8, it is seen that vhen 
the c/b is vithin the range of 0.5-4.0, the shaft vibration is 5 //a or 
less, but when It is less than 0.5 or uore than 4.0, the shaft vibration 
is Bore than 5 >uo. Therefore, to naintain high accuracy it is desirable 
that c/h s 0.5 - 4.0. 

A porons oll-lnpregnated bearing is used usually in 
self-lubrication, and it is iapossible to avoid gradual consuaption or 
outflow of oil due to spattering or evaporation of oil. In that case, 
the resulting reduction of the oil fi la generation range induces a 
degradation of accuracy, such as shaft vibration. Particularly, shafts 
are used often in their vertical position, and In the case of a laser beaa 
printer (LBP) aotor which is used at a high speed of 10,OQO rpa or aoro, 
or a aagnetic disk drive (HDD) aotor, the oil tends to leak under the 
action of centrifugal force, as shown in Pig. 12, asking it difficult to 
maintain the lubricating perforaance, such as oil fiU generation. 

In the LBP and HDD, oil film eaUiauation is fatal to the retention 
of accuracy of rotation. Particularly, In the case of a single bearing 
body, high speed rotation causes oil to circulate in the bearing interior 
while engulfing the surrounding air; thus, air soaetiaes enters the 
bearing clearance. To prevent the entry of air, an effective aeasure is 
to position a aeiber (oil supplying aeaber) which supplies oil as soon 
as even a snail nuaher of eapty porosity is foraed in interior of the 
bearing body. 

As such oil supplying aeaber. in the present invention, a solid 
lubricating coaposition 3 is disposed in contact with the bearing body 
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1, as shown in Fig. 1, which composed of a synthetic resin material as a 
base material and oil as a lubricating component by a blending of 
lubricating oil or lubricating grease. The solid resin lubricating 
composition gradually continuously exudes the component oil therein to 
surface thereof at temperatures not less than at least 20 'C even in a 
stationary state. With such arrangement, even when the oil in the bearing 
body 1 flows away, fresh oil is supplied by capillary action from the resin 
lubricating composition 3 positioned in contact with the bearing body 1 
into the Interior of the bearing body 1. so that a satisfactory 
hydrodynaaic oil film can be generated at all times between It and the 
rotary shaft Z. 

Stated in the concrete, the solid lubricating composition 3 is 
produced by mixing 5 - 99 wtX lubricating oil which is the same as the 
retained oil in the bearing body or lubricating grease of which a base 
oil is the same as the retained oil in the bearing body, and 95 - 1 wtX 
superhigh molecular weight polyolef in powder whose average molecular 
weight is 1 X 10* - 5 X 10». heating the mixture to fuse at or above the 
gelling temperature of the superhigh molecular weight polyolefin and at 
or below the gelling point of the lubricating grease when the lubricating 
grease Is used, and cooling the fusion to solidify. 

Thus, the formation of the resin lubricating composition in solid 
form of a mixture of lubricating oil or lubricating grease and superhigh 
molecular weight polyolefin powder is characterized by low cost, mass 
productivity, easy handling and simple operation for Incorporation. 
Further, the solid resin lubricating composition gradually continuously 
exudes the component oil therein, though very little by little, at 
temperatures above ordinary temperature (about ZO-C), so that it is 
capable of continuously supplying the oil to the bearing. Fig. 9 shows 
the results obtained by letting a solid resin lubricating composition 3 
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of the present Invention to stand for testing, the left-to-stand tine and 
the oil separation percentage being checked. It can be understood that 
the coBponent oil is continuously separated very little by little even 
at an atsosphere teoperature of ZO'C for 1,000 hours. The anount of 
separation increases vith increasing atmosphere temperature. 

Fig. 10 sbovs a coiqjarison betveen the case in which the solid 
resin lubricating coapoaitlon is contacted with the bearing and the case 
of using no such oil supplying nenber. It is seen that In the case of 
the absence of an oil supplying aenber (indicated by the Bark ■). about 
SOX of the initially retained oil flows away in about 2,000 hours of 
operation, while in the case of presence (indicated by the nark •) even 
when the retained oil flows away froa the bearing body, the oil is supplied 
to the bearing, so that the loss can be held down to only about SX. 

It it is used under conditions of high teoperature ataosphere, 
high speed rotation or generation of such heat by friction, there are 
tines when too nuch oil is exuded froa the solid resin lubricating 
coaposltion, so that it is desirable to blend one or aore of the naterials, 
solid wax, low molecular weight polyethylene and polyaoide resin in an 
anount of 1-50 vtX as an oil exudation suppressing agent for the resin 
lubricating coaposltion. 

As shown in Fig. 1, a cylindrical oil leak preventing aeaber 11 
having an inner diaaeter equal to or slightly larger than that of the 
bearing body 1 (porous oil-iapregnated bearing A) is disposed on one of 
or each of the axial sides of the bearing body 1. The inner peripheral 
surface of the oil leak preventing aeaber 11 aay be foraed with air current 
producing grooves 12 which, during relative rotation between it and the 
shaft, produce air currents in the clearance between it and the shaft 2 
which are directed to the bearing body. The air current producing grooves 
12 nay be a plurality of inclined grooves. In the illustrated cxaaple, 
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two bearing bodies 1 are vertically spaced, with the oil leak preventing 
nember 11 disposed outside the upper bearing body I. However, such oil 
leak preventing aember 11 aay also be disposed inside said bearing body 
1. Further, the oil leak preventing aember 11 may be provided on one of 
or each of the sides of the lover bearing body 1. 

With this arrangement, as shown in Fig. 11, with the rotation of 
the shaft 2, air currents are generated in the clearance 13 between the 
shaft 2 and the inner peripheral surface of the oil leak preventing member 
IZ and directed toward the bearing body 1 (downward as seen in the figure), 
so that, even when the retained oil flows out of the bearing, it cannot 
pass through the clearance 13 between the shaft 2 and the oil leak 
preventing member 11. Oil leak is prevented by this action. Further, 
when the shaft is stationary, the capillary force In said clearance 13 
holds oil; therefore, there is no possibility of oil leaking out when the 
rotation stops. 

In this case, it is preferable that the oil leak preventing member 
11 be a porous body and that a space 14 be defined between it and the 
adjoining bearing body 1. With this arrangement. It Is possible for the 
oil leak preventing member 11, which is made of porous body, to absorb 
the leaking oil. Further, when the shaft is at rest, oil between the oil 
leak preventing member 11 and the shaft 3 can be absorbed, so that the 
portion exposed to the air is reduced and hence the evaporation of oil 
and the generation of dust can be reduced. The oil absorbed by the oil 
leak preventing member 11 is withdrawn into the clearance 13 with rotation 
and sent back to the bearing body 1 through the space 14 by the air 
currents produced by the action of the air current producing grooves 12. 

As shown in Fig. 1. when an end surface 11a and a chamfer lib of 
the oil leak preventing member 11 opposite to the bearing body 1 are glazed 
to effect sealing to the extent that a percentage of area of openings is 
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0% or Ies3, preferably to the extent of perfect aealing, then the 
evaporation of oil absorbed by the oil leak preventing member 11 and the 
generation of dust can be further reduced. 

As shovn in Fig. 1, bearing bodies 1 are press-fitted into a 
cylindrical housing 7 which is opened at one end and closed at the other 
end thereof, and the solid resin lubricating composition 3 is received 
therein in contact with the bearing bodies 1. The oil leak preventing 
aeaber 11 is positioned outside the bearing body I to close the opening 
of the housing 7. In this case, since the hydrodynaaic action is 
generated by the bearing and the oil Is supplied froa the resin 
lubricating composition 3 at all tiaes, as described above, generation 
of a satisfactory hydrodynaaic oil film can be maintained at all tiaes 
and so can be a high accuracy of rotation for a long time. Further, the 
oil leak from the bearing is coapensated by the oil leak preventing aeaber 
11, there being no outflow of oil. 

A space 15 is defined between the bottoa surface 7 of the housing 
7 and the Innerside end surface la of the bearing body 1 opposed thereto, 
and an air current passage 16 is provided so as to ensure that the space 
15 and the outside of the housing coamunicate with each other at places 
other than the bearing clearance 4, the air current passage 16 serving 
as an air bleeder. This arrangement makes it easier to insert the shaft 
2 in the asseobling operation. Further, during rotation, the internal 
pressure would increase due to generation of heat, pushing up the shaft 
(rotor) to aake rotation unstable. Such situation, however, can also be 
prevented. 

When a rotary aeaber, for example, a rotor 8, is attached to the 
rotary shaft 2, and the end surface of the bearing body 1 opposed to the 
rotor is foracd with herringbone or spiral 
hydrodynaaic-pressure-genereting grooves so as to utilize the 



hydrodynanic pressure generated by the hydrodynaaic-pressure-generating 
grooves during rotation of the shaft 2 to support the thrust load, then 
not only the radial load but also the thrust Joad can be supported, so 
that the thrust, support 9 can be dispensed with. 

In this case, a percentage of area of the openings in the end 
surface of the bearing body 1 provided vith 

hydrodynaBic-preasure-generating grooves is preferably not less than Vk 
but not Bore than 20X. 

As is clear from the above description, according to the present 
invention, the following effects are obtained: 

(1) EnviroDiaentai pollution due to flo¥-away, spattering and 
evaporation of oil can be reduced to a great extent: 

(E) Unstable vibrations, such as whirl, can be suppressed, 
Blnimiiing the shaft vibration to achieve high accuracy of rotation; 

(3) At all tines, generation of satisfactory oil films can be 
maintained; 

(4) It is possible to iaprove durability to a great extent; 

(5) The oil supplying member, which is solid, is easy to handle 
and is high in productivity. 

BEIEF DESCRIPTION OF THE DBAW1N6S 
Fig. 1 is an axial sectional view showing an embodiaent of the 

invention; 

Fig. 2 is an axial sectional view showing the movement of oil in 
a porous oll-iaprcgnated bearing provided with herringbone type 
hydrodynaaic grooves; 

Fig. 3 is an axial sectional view showing a porous oil-iapregnated 
bearing for evaluation test: 

Fig. 4 is an axial sectional view showing a porous oil- impregnated bearing 
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for evaluation test; 

fig. 5 ia a ^rapb showing the evaluation test results; 
Fig. 6 is an axial sectional viesr showing a porous oil-inpregnated bearing 
for evaluation test; 

Pig. 7 is a radial sectional view of a porous oil-inpregnated 

bearing; 

Fig, 8 is a graph showing the evaluation test results from which 
to find the relation between c/h and shaft vibration; 
Fig. 9 is a graph showing tine-dependent changes in the percentage oil 
separation of a solid type lubricating coaposition according to the 

invention; 

Fig. 10 is a graph showing the results of comparative tests with 
a solid type lubricating conposition present and absent, respectively; 

Fig. 11 is an axial sectional view showing the novenent of oil 
in a porous oil -impregnated bearing provided with an oil leak preventing 
member; and 

Fig. 12 Is an axial sectional view shoving a general porous 
oi 1- impregnated bearing. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodinent of the invention will now be described. 
Fig. 1 shows an example of a hydrodTnaaic type porous 
oil -impregnated bearing device according to the invention. Two bearing 
bodies 1 each having a bearing surface 17 are force-fitted into a housing 
7 which is opened at one end and closed at the other end thereof, and a 
shaft 2 (rotary shaft) is inserted in the bearing bodies 1, thereby 
forming two axially spaced porous oil-impregnated bearings A. 

A solid lubricating coaposition 3 composed of synthetic resin as 
a base material and oil as a lubricating component by blending lubricating 
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oil or lubricBting grease is disposed between the two bearing bodies 1, 
vith an oil leak preventing menber 11 disposed above the bearing body 1 
OQ the open side (the upper side) to close the upper end opening in the 
housing 7. The upper end surface Ua and upper chanfer lib of the oil 
leak preventing neaber 11 have undergone a sealing treatnent. Further, 
a space 15 is defined between the end surface la of the bearing body 1 
on the closed side (lower side) and the tottoB surface 7a of the housing 
7, and an air current passage 16 is formed to provide coMunication 
between this space 15 and the outaide. This air current passage 16 is 
fonned by providing an axial notch in each of the outer surfaces of the 
bearing bodies 1, the resin lubricating composition 3 and the oil leak 
preventing meaber 11. The Inner peripheral surfaces of the bearing bodies 
1 and the oil leak preventing Beiaber 11 are fomed with a plurality of 
inclined grooves {hydrodynanic-pressure-geaerating grooves 5 and air 
current producing grooves 12). The oil leak preventing aenber 11 is Bade 
of porous body, not retaining lubricating oil or the like. There is no 
restriction on the materials of the bearing bodies 1 and the oil leak 
preventing nember 11. and a known porous body having air voids can be 
fomed by sintering or foaa-processing powder netal, iron, cast iron, 
copper, synthetic resin or ceramic aaterial, however, the bearing bodies 
1 and the oil leak preventing member 11 are preferable to be made of 
sintered alloy whose main material is iron or copper. 

As shown in Fig. 1. by forming herringbone type hydrodynamic 
grooves 5 in the bearing surfaces 17 of the bearing bodies 1. hydrodynamic 
oil films are generated in the bearing clearances 4 during relative 
rotation between them and the rotary shaft 2. thereby making it possible 
to effectively suppress unstable vibrations, such as whirl. In addition, 
in the bearing surfaces 17 (also the bearing surface shown in Fig. 4), 
the groove regions 5 (filled in with black) are inclined directed in 
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mutuaUy opposite directions toKard axial ly opposite sides and annular 
ridges S (vhlte regions) are foraed between the mutually oppositely 
inclined groove regions 5 (in the sajie figure, the annular ridges are 
positioned ajci ally centrally of the bearing surface). The Kidth c of the 
bearing clearance 4, when the radius of the shaft 2 is R, is desirably 
c/R = 1/2000 - 1/400. 

When the grooTe depth is represented by h, it Is preferable that 
c/h = O.S - 4.0, and aore preferably 
c/h = 0.5 - 3.0. 

Further, a percentage of area of the openings in the bearing 
surface of the bearing body 1, in terns of the surface area ratio, is 
desirably 2 - 20X. If it Is less than 21. circulation of oil is 
obstructed, while If it is nore than 20X, hydrodynaaic effects cannot be 
generated and hence a satisfactory oil fila is not generated. The oil 
viscosity is selected according to the percentage of area of the opening. 

The oil supplying neaber 3 disposed in contact with the bearing 
bodies 1 is a porous body of aetal or resin or aay be a known one, such 
as a fiber aaterlal. e.g., felt, iapregnated with oil. It is preferable 
to use a resin lubricating coaposition which is solid and which gradually 
continuously exudes the coaponent oil to surface thereof at temperatures 
of 20*C and above. The resin lubricating coaposition can be produced by 
a very staple aethod. For exaaple, it is obtained by unlfomly nixing a 
predeterained amount of lubricating grease or lubricating oil with a 
predetermined amount of superhigh molecular weight polyolefin powder, 
pouring the mixture into a die of predetermined shape, heating the mixture 
to fuse at or above the gelling teaperature of the superhigh molecular 
weight polyolefin and less than the dropping point of lubricating grease 
when such grease is used, and cooling the aixture at ordinary temperature 
to solidify. The superhigh molecular weight polyolefin powder used in 



the invcDtion is a powder of polyethylene, polypropylene, polybutene or 
a copolymer thereof, or a mixture of these powders, the molecular weight 
of each powder being so selected that the ayerage molecular weight 
measured by the viscosity nethod is 1 x 10' - S x 10'. Polyolef ins which 
are within the range of such average molecular weight are superior to low 
molecular weight polyoleflna In rigidity and oil retention and will hardly 
flow even heated to high temperatures. The proportion of such superhigh 
molecular weight polyolefln In the lubricating composition should be 95 
- 1 wtX. In addition, the amount depends on the degree of oil separation, 
toughness and hardness required of the composition. The greater the 
amount of superhigh molecular weight polyolefln. the higher the hardness 
of the gel after dispersion at a predetermined temperature. 

Further, the lubricating grease used in the invention is not 
particularly restricted, and may be a soap-thickened or 
non-soap-thlckened lubricating grease, examples of such lubricating 
grease being lithiua soap-diester type, lithium soap-mineral oil type, 
sodium soap-aineral oil type, aluminum soap-mineral oil type, lithium 
soap-diester mineral oil type, non-soap-di ester type, non-soap-mineral 
oil type, non-soap- polyolester type, and lithium soap-polyolester type. 

The lubricating oil is not particularly restricted, either, examples 
thereof being diester type, mineral oil type, diester mineral oil type, 
and polyolester type. In addition, the base oil of the lubricating grease 
or the lubricating oil is desirably the sane as the initially retained 
oil in the bearing bodies 1, but it may be more or less different therefrom 
so long as the lubricating characteristics are not impaired. 

Although the melting points of the superhigh molecular weight 
polyolefins mentioned above are not constant as they vary according to 
their respective average molecular weights, one having an average 
molecular weight of 2 x 10' as measured by the viscosity method has a 



Belting point of 136*C. As for a coamercially available one having the 
sane average molecular weight, there is Mlpelon (registered trade nark) 
XM-220, produced by Mitsui Petrochemical Industries, Ltd., and the like. 

Therefore, irhen it is desired to disperse lubricating grease or 
lubricating oil in a natrii of superhigh molecular weight polyolefin to 
retain it therein, the aaterials, after being mixed, are heated to a 
temperature above the gelling temperature of the superhigh molecular 
veight polyolefin and vhen lubricating grease is used, to a temperature 
less than the dropping point thereof, e.g., to 150 - ZOO'C. 

Such bearing device can be videly utilised, for example, in 
various motors, including laser beam printer polygon mirror motors, and 
magnetic disk drive spindle motors, and motors for axial fans, ventilating 
fans, electric fans and other electric appliances, electric parts for 
cars, etc, vhije greatly improving their durability without polluting the 
surrounding environment with oil. That is, even when the oil originally 
retained in the porous oil-impregnated bearing flows away, it will not 
flow outside because of the presence of the oil leak preventing member 
11. Further, since the oil is supplied to the bearing from the solid 
resin lubricating composition 3, the oil film in the bearing clearance 
is maintained at all times, so that high accuracy of rotation can be 
maintained at all tines by the hydrodynamic effects of the hydrodynamic- 
-pressurc-generating grooves S formed in the bearing surfaces of the 
bearing bodies 1. Further, friction due to oil exhaustion can be 
prevented to greatly increase the durability life. This solid resin 
lubricating composition, unlike felt, does not contain fibrous materials, 
so that there is no trouble of fibrous dust entering the bearing 
clearance. Further, since the composition, unlike grease, is solid, 
there is no possibility of it getting wrapped around the rotating shaft, 
thus forming no cause of variation of rotation. And since it is solid, 
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it is very easy to handle and can be efficiently Incorporated during 
assembling operation. 

Further, since the bearing is not of the construction vhich uses 
a ferrofluidic seal for sealing purposes, it is only necessary that the 
oil leak preventing nember 11. bearing bodies 1. the oil supplying nenber 
(the solid resin lubricating conposition 3) be fixed in position as by 
being press-fitted in the housing 7; thus, the assembling efficiency is 
high and the cost is low. 



WHAT IS CLAIMED IS: 

1. A hydrodynaaic type porous oil -impregnated bearing coaprising 

a bearing body oade of porous aaterial and having a hearing surface 

opposed through a bearing clearance to a slide surface of a shaft to be 

supported thereby, oil retained Into the bearing body by iapregnation of 

lubricating oil or lubricating grease, and inclined 

hydrodynaoic-pressure-generating grooves foraed in the bearing surface 

of the bearing body, 

said bearing floatably supporting the slide surface of the shaft 
by hydrodynaaic oil fila generated in the bearing clearance, while aaking 
the retained oil circulate between an Interior of the bearing body and 
the bearing clearance through openings In the bearing surface Including 
the hydrodynamlc-pressure-generattng grooves. 

2. A hydrodynaaic type porous oil-lapregnated hearing as set 
forth In Claim 1, wherein at least one of the two factors, a percentage 
of area of the openings in the bearing surface Including the 
hydrodynaaic-prcssure-generatlng grooves and klneaatic viscosity of the 
retained oil is set within a range which is capable of securing the 
generation of the hydrodynanlc oil fila and the circulation of the 
retained oil. 

3. A hydrodynaaic type porous oil-lapregnated bearing as set 
forth In Claia 2, wherein; 

the openings are substantially uniforaly distributed over the 
bearing surface including the hydrodynaalc-pressure-genaratlng grooves, 

the percentage of area of the openings is not less than 2X but 
not aore than ZOX, 

the kinenatic viscosity of the retained oil at 40*C is 2 cSt or 
Dore. and 

the percentage of area and the kinenatic viscosity satisfy the 
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following relation: 

(3/5) A - 1 g 77 S (40 / 6) A + (20 / 3) 
where A; the percentage of area of the openings (X) 
Tt ; the kinematic viscosity of the retained oil at 40*C (cSt). 

4. A hydrodynanic type porous oil-inpregnated bearing as set 
forth in Claia 1, 2 or 3, wherein a ratio of a groove depth (h) of the 
hydrodynaaic-pressure-generating grooves to the bearing clearance (c) is 
within the range: 

c/h = 0.5 - 4.0. 

5. A hydrodynaaic type porous oil-lapregnated bearing device 
comprising: 

a hydrodynanic type porous oil' impregnated bearing conprising a 
bearing body made of porous material and having a bearing surface opposed 
through a bearing clearance to a slide surface of a shaft to be supported 
thereby, oil retained into the bearing body by impregnation of lubricating 
oil or lubricating grease, and inclined hydrodynaaic-pressure-generating 
grooves formed in the bearing surface of the bearing body, said bearing 
floatably supporting the slide surface of the shaft by hydrodynaaic oil 
film generated in the bearing clearance, while making the retained oil 
circulate between an interior of the bearing body and the bearing 
clearance through openings in the bearing surface including the 
hydrodynaaic -pressure-generating grooves ; 

a solid resin lubricating composition composed of a synthetic 
resin material as a base material and oil as a lubricating component by 
blending of lubricating oil or lubricating grease, the solid resin 
lubricating composition gradually continuously exuding the component oil 
to surface thereof at temperatures not less than at least 20 'C even in 
a stationary state; 

said bearing and said solid resin lubricating composition being 
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contact with each other via contact surfaces thereof, the component oil 
in the solid resin lubricating composition gradually continuously exuding 
to the contact surface to supply to the interior of the bearing body. 

6. A hydrodynaaie type porous oil-iapregnated bearing device as 
set forth in Clain 5, wherein at least one of the tvo factors, a percentage, 
of area of the openings in the bearing surface including the 
hydrodynaaic-preasure-gencrating grooves and kinematic viscosity of the 
retained oil is set vithin a range which is capable of securing the 
generation of the hydrodynaaie oil fila and the circulation of the 
retained oil. 

7. A hydrodynaaie type porous oil-lBpregnated bearing as set 
forth in Clala 5, wherein; 

the openings are substantially uniforaly distributed over the 
bearing surface including the hydrodynaalc-pressnre-generating grooves, 

the percentage of area of the openings is not less than ZX but 
not Bore than 20X, 

the kineaatic viscosity of the retained oil at AQX: is 2 cSt or 
more, and 

the percentage of area and the kineaatic viscosity satisfy the 
following relation: 

(3/5) A - 1 g 77 g (40 / 6) A + (20 / 3) 
where A; the percentage of area of the openings (X) 
77: the kineaatic viscosity of the retained oil at 40*C (cSt). 

8. A hydrodynaaie type porous oil-iapregnated bearing as set 
forth in Clala 5, wherein a ratio of a groove depth (h) of the 
hydrodynaaic-presaure-generating grooves to the bearing clearance (c) is 
within the range: 

c/h = 0.5 - 4.0. 

9. A hydrodynaaie type porous oll-lapregnated bearing device as 
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set forth in Clain 5, wherein said solid lubricating coaposition is 
produced by mixing S - 99 Mt% lubricating oil which is the same as the 
retained oil In the bearing body or lubricating grease of which a base 
oil is the same as the retained oil in the bearing body, and 95 - 1 wtX 
superhigh nolecular weight polyolefin powder whose average molecular 
weight is 1 x 10' - 5 x 10*. heating the mixture to fuse at or above the 
gelling temperature of the superhigh molecular weight polyolefin and at 
or below the gelling point of the lubricating grease when the lubricating 
grease is used, and cooling the fusion to solidify. 

10. A hydrodynamlc type porous oil-imp regnated bearing device as 
set forth in Claim 9, wherein said solid lubricating composition is 
further blended one or more materials as an oil exudation suppressing 
ageat selected from the class consisting of solid wax, low molecular 
weight polyethylene, and polyamide resin In an amount of 1 - 50 wtX, 

11. A hydrodynamlc type porous oil-impregnated bearing device 
comprising; 

a hydrodynamlc type porous oil-impregnated bearing comprising a 
bearing body made of porous material and having a bearing surface opposed 
through a bearing clearance to a slide surface of a shaft to be supported 
thereby, oil retained into the bearing body by impregnation of lubricating 
oil or lubricating grease, and inclined hydrodynaaic-pressure-generating 
grooves formed in the bearing surface of the bearing body, said bearing 
floatably supporting the slide surface of the shaft by hydrodynamlc oil 
film generated in the bearing clearance, while making the retained oil 
circulate betveen an interior of the bearing body and the bearing 
clearance through openings in the bearing surface including the 
hydrodynamic-pressure-generating grooves ; 

a cylindrical oil leai preventing member disposed on one of or 
each of the axial sides of said bearing, the oil leak preventing member 
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having an inner diaoeter equal to or slightly larger than that of the 
bearing body, an inner surface of the oil leak preventing eenber being 
formed with air current generating grooves which, during relative rotation 
between it and the shaft, generates air currents in a clearance between 
it and the shaft flowing toward the bearing body. 

12. A hydrodynamic type porous oil-lnpregnated bearing device as 
set forth in Clain 11, wherein at least one of the two factors, a 
percentage of area of the openings in the bearing surface including the 
hydrodynanic-pressure-generating grooves and kinenatic viscosity of the 
retained oil Is set within a range which Is capable of securing the 
generation of the hydrodynaaic oil flln and the circulation of the 
retained oil. 

13, A hydrodynaaic type porous oil- impregnated bearing as set 
forth in Clalst 11, wherein; 

the openings are substantially uniformly distributed over the 
bearing surface including the hydrodsmaaic-pressure-generating grooves, 

the percentage of area of the openings Is not less than Z% but 
not Bore than ZOX, 

the kinenatic viscosity of the retained oil at 40"C is 2 cSt or 
more, and 

the percentage of area and the kinematic viscosity satisfy the 
following relation: 

(3/5) A - 1 g 77 ^ (40 / 6) A + (20 / 3) 
where A; the percentage of area of the openings (X) 
v; the kinenatic viscosity of the retained oil at 40*C (cSt). 

14. A hydrodynanic type porous oil-inpregnated bearing as set 
forth in Claim 11. wherein a ratio of a groove depth (h) of the 
bydrodynamic-pressure-generating grooves to the bearing clearance (c) is 
within the range: 



c/h = 0.5 - 4.0. 

15. A hydrodynanlc type porous oil-inpregnated bearing device 
cofflpriainji:: 

a hydrodyuaaic type porous oil- inpregnated bearing comprising a 
bearing body nade of porous material and havinf a bearing surface opposed 
through a bearing clearance to a slide surface of a shaft to be supported 
thereby, oil retained into the bearing body by impregnation of lubricating 
oil or lubricating grease, and inclined hydrodynaaic-pressure-generating 
grooves formed in the bearing surface of the bearing body, said bearing 
floatably supporting the slide surface of the shaft by hydrodynanlc oil 
film generated in the bearing clearance, while making the retained oil 
circulate between an interior of the bearing body and the bearing 
clearance through openings in the bearing surface including the 
hydrodynamlc-pressure-generating grooves; 

a solid resin lubricating composition composed of a synthetic 
resin material as a base material and oil as a lubricating component by 
blending of lubricating oil or lubricating grease, the solid resin 
lubricating composition gradually continuously exuding the component oil 
to surface thereof at temperatures not less than at least 20 'C even in 
a stationary state; 

said bearing and said solid resin lubricating composition being 
contact with each other via contact surfaces thereof, the component oil 
in the solid resin lubricating composition gradually continuously exuding 
to the contact surface to supply to the interior of the bearing body; 

a cylindrical oil leak preventing member disposed on one of or 
each of the axial sides of said bearing, the oil leak preventing member 
having an inner diameter equal to or slightly larger than that of the 
bearing body, an inner surface of the oil leak preventing member being 
formed with air current generating grooves which, during relative rotation 
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between it and the shaft, generates air currents in a clearance between 
it and the shaft flovinf toward the bearing body. 

16. A bydrodTiiafflic type porous oll-linpregnated bearing device as 
set forth in Clein 15, wherein at least one of the two factors, a 
percentage of area of the openings in the bearing surface Including the 
hydrodTDaaic-pressure-generating groo7es and kineoatic viscosity of the 
retained oil is set within a range which is capable of securing the 
generation of the hydrodynemic oil filn and the circulation of the 
retained oil. 

17. A hydrodynenic type porous oil -impregnated bearing as set 
forth in Clain 15, wherein; 

the openings are substantially imiforaly distributed over the 
bearing surface including the hydrodynasic-pressure-generating grooves, 

the percentage of area of the openings is not less than 2% but 
not more than 20X, 

the kineaatic viscosity of the retained oil at 40*C is 2 cSt or 
acre, and 

the percentage of area and the Icineiatlc viscosity satisfy the 
following relation: 

(3/5) A - 1 g 77 g (40 / 6) A + (20 / 3) 
where A; the percentage of area of the openings {%) 
v; the kinematic viscosity of the retained oil at 40*C (cSt). 

18. A bydrodynaaic type porous oil-iapregnated bearing as set 
forth in Claim 15, wherein a ratio of a groove depth (h) of the 
hydrodynamlc-pressure-generating grooves to the bearing clearance (c) is 
within the range: 

c/h = 0.5 - 4.0. 

19. A hydrodynaaic type porous oil-impregnated bearing device as 
set forth in Claim 15, wherein said solid lubricating composition is 
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produced by nixing 5-99 wt% lubricating oil which is the same as the 
retained oil in the bearing body or lubricating grease of which a base 
oil is the saue as the retained oil in the bearing body, and 95 - 1 wtX 
superhigh oolecular veight polyolefin powder whose average aolecular 
weight Is 1 X 10* - 5 I ID', heating the niiture to fuse at or above the 
gelling temperature of the superhigh molecular weight polyolefin and at 
or below the gelling point of the lubricating grease when the lubricating 
grease Is used, and cooling the fusion to solidify. 

20. A hydrodynaalc type porous oil -impregnated bearing device as 
set forth in Claim 15, wherein said solid lubricating composition is 
further blended one or Bore materials as an oil exudation suppressing 
agent selected from the class consisting of solid wax. low molecular 
weight polyethylene, and polyaaide resin in an amount of 1 - 50 wtX- 

21. A hydrodynaalc type porous oil -impregnated bearing device as 
set forth in Claim 11 or 15, wherein the oil leak preventing member is 
made of porous material, and a space is defined between it and the bearing 
body. 

22. A hydrodynamic type porous oil-Impregnated bearing device as 
set forth in Claim 21, wherein an end surface and a chaaler of the oil 
leak preventing member opposite to the bearing body are glazed to effect 
sealing such that a percentage of area of openings in the end surface and 
the chamfer is 5X or less. 

23. A hydrodynamic type porous oil-impregnated bearing device as 
set forth in Claim 15, wherein the bearing body is fixed in a cylindrical 
housing which is opened at one end and closed at the other end thereof, 
the solid lubricating composition is received in the housing such that 
it is in contact with the bearing body, and the oil leak preventing member 
is disposed outside the bearing body to dose the opening of the housing. 

24. A hydrodynamic type porous oil-impregnated bearing device as 
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set forth in Claim 23, wherein a space is defined between a bottom surface 
of the housing and an innersidc end surface of the bearing body opposed 
thereto, and an air current passage is provided so as to ensure that the 
space and the outside of the housing coomunicate with each other at places 
other than the bearing clearance. 

25. A bydrodTnamic type porous oil -impregnated bearing device 
comprising: 

a hydrodynaaic type porous oil -impregnated bearing comprising a 
bearing body made of porous material and having a bearing: surface opposed 
through a bearing clearance to a slide surface of a shaft to be supported 
thereby, oil retained into the bearing body by impregnation of lubricating 
oil or lubricating graase, and Inclined hydrodynamic-pressure-generating 
grooves formed in the bearing surface of the bearing body, said bearing 
floatably supporting the slide surface of the shaft by hydrodynaaic oil 
film generated in the bearing clearance, while laJcing the retained oil 
circulate between an interior of the bearing body and the bearing 
clearance throiigh openings in the bearing surface including the 
bydrodynaxic-pressure-generatinx grooves; 

a rotary neaber attached to the shaft: 

an end surface of the bearing body opposed to the rotary member 
being provided with hydrodynaaic-pressure-generating grooves, and thrust 
load of the shaft being supported by hydrodynaaic pressure generated by 
the hydrodynaoic-pressure-generating grooves in the end surface during 
rotation of the shaft. 

26. A hydrodynaaic type porous oil- impregnated bearing device as 
set forth in Claia 25. wherein at least one of the two factors, a 
percentage of area of the openings in the bearing surface including the 
hydrodynaaic-pressure-generating grooves and kinematic viscosity of the 
retained oil is set within a range which Is capable of securing the 
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generation of the hydrodynanic oil film and the circulation of the 
retained oil. 

27. A hydrodynaaic type porous oil-impregnated bearing as set 
forth Id Claia 25, wherein; 

the openings are substantially unifornly distributed over the 
bearing surface including the hydrodynaiiic-pressure-gcnerating grooves. 

the percentage of area of the openings is not less than 2% but 
not more than Z0%, 

the kinematic viscosity of the retained oil at 40*C is 2 cSt or 

more, and 

the percentage of area and the kinematic viscosity satisfy the 

following relation: 

(3/S) A - 1 ^ ^ (40 / 6) A + (20 / 3) 
where A; the percentage of area of the openings {%) 
■n ; the kinematic viscosity of the retained oil at 40*C (cSt). 

28. A hydrodynaaic type porous oil -impregnated bearing as set 
forth In Claim 25. vbereln a ratio of a groove depth (h) of the 
hydrodynamic-pressure-generatlng grooves to the bearing clearance (c) is 
within the range: 

c/h =0.5 - 4.0. 

29. A hydrodynaaic type porous oil -impregnated bearing device 
comprising: 

a hydrodynaaic type porous oil-impregnated bearing comprising a 
bearing body made of porous material and having a bearing surface opposed 
through a bearing clearance to a slide surface of a shaft to be supported 
thereby, oil retained into the bearing body by impregnation of lubricating 
oil or lubricating grease, and inclined hydrodynaaic-pressure-generating 
grooves formed in the bearing surface of the bearing body, said bearing 
floatably supporting the slide surface of the shaft by hydrodynamic oil 
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film generated in the bearing clearance, while Baking the retained oil 
circulate between an interior of the bearing bodj and the bearing 
clearance through openings in the bearing surface including the 
hydrodynaai e-pressure-generating grooves ; 

a solid resin lubricating coaposition composed of a synthetic 
resin saterial as a base Aaterial and oil as a lubricating component by 
blending of lubricating oil or lubricating grease, the solid resin 
lubricating cooposition gradually continuously exuding the component oil 
to surface thereof at temperatures not less than at least 20 *C eyen in 
a stationary state; 

said bearing and said solid resin lubricating composition being 
contact with each other via contact surfaces thereof, the component oil 
in the solid resin lubricating composition gradually continuously exuding 
to the contact surface to supply to the interior of the bearing body; 

a rotary member attached to the shaft; 

an end surface of the bearing body opposed to the rotary member 
being provided with hydrodynaaic-pressure-generBting grooves, and thrust 
load of the shaft being supported by hydrodynaaic pressure generated by 
the hydrodynaaic-pressure-generating grooves in the end surface during 
rotation of the shaft. 

30. A hydrodynanic type porous oil-impregnated bearing device as 
set forth in Claim 29, wherein at least one of the two factors, a 
percentage of area of the openings in the bearing surface including the 
hydrodynaaic-pressure-generating grooves and kinematic viscosity of the 
retained oil is set within a range which is capable of securing the 
generation of the hydrodynanic oil film and the circulation of the 
retained oil. 

31. A hydrodynaaic type porous oil -impregnated bearing as set 
forth in Claim 29, wherein; 



the openings are substantially unlforBl? distributed over the 
bearing surface including the hydrodynanie-pressure-fenerating grooves, 

the percentage of area of the openings is not lesa than Z% but 
not sore than 2 OX, 

the kinenatic viscosity of the retained oil at 40'C is 2 cSt or 
sore, and 

the percentage of area and the kinenatic viscosity satisfy the 
following relation: 

(3/5) A - 1 ^ T7 ^ (40 / 6) A + (20 / 3) 
where A; the percentage of area of the openings (X) 
V : the kinematic viscosity of the retained oil at 40*0 (cSt). 

32. A hydrodynamlc type porous oil-inpregnated bearing as set 
forth in Claim 29, vherein a ratio of a groove depth (h) of the 
hydrodynanic-pressure-generating grooves to the bearing clearance (c) is 
within the range: 

cA = 0.5 - 4.0. 

33. A hydrodynamlc type porous oil -impregnated bearing as set 
forth in Claim 25 or 29, wherein a percentage of area of the openings in 
the end surface of the bearing body formed with the said 
hydrodynaoic-preasure-generating grooves is not less than 2X but not more 
than 20 X. 

31. A hydrodynamic type porous oil-Impregnated bearing 
substantially as hereinbefore described with reference to the 
accompanying drawings. 
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